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Abstract: The paper wants to analise the emissions removed by a diesel engine fuelled with biodiesel 
comparative with those eliminated if using a conventional fuel, especially the measurement of carbon 
quantity from the evacuated gases. For achieving these measurements, an opacimeter will be used, and 
the higher the opacity is, the higher is the amount of carbon. The measurements were made with the 
opacimeter through free acceleration between the slow no-load speed and the maximum no-load 
speed, at a normal functioning regime. Minimum 3 measurements of opacity at free acceleration are 
made. The results obtained after the experiments show that the opacity values of motor fuelled with 
biodiesel B 20 are smaller than those of motor fuelled with conventional fuels, at all measured speed 
values. On the other hand, other elements present in emissions, such as:  CO2, Sulphure oxides, carbon 
monoxide and material particles are all smalller in the case of using biodiesel as fuel.  
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INTRODUCTION 
 
 One of the most damaging effects over the environment of the fuels is the pollutant 
removed by the engines. The burnt gases evacuated by Diesel motors contain the following 
components: Carbon monoxide (CO), Carbon dioxide (CO2), hidrocarbonates (unburned 
fuel), Oxygen (O2), water (H2O), Sulphure oxides (SOx), Nitrogen oxides (NOx), Carbon (C). 
 Some of these components, such as the gaseous ones, can be measured with a gas 
analiser. But Carbon is in a solid state and for measuring the Carbon quantity from the 
removed gases a device named opacimeter will be used. The functioning of this device is 
based on the principle that the bigger the opacity is, the bigger the quantity of C from the 
burnt gases is.  
 There are 3 types of opacimeters: with full debit flow, with partial flow and with 
filtering.  
 The full debit flow opacimeter  and that with partial flow have the same functioning 
principle. The burnt gases are introduced in the measuring chamber for analysis. The 
disadvantage of full debit flow opacimeter   is given by the bigger dimension of the smoke 
chamber in which the burnt gases will be measured. The filtering opacimeters can not be 
dinamic used. In this case, the quantity of C can be only measured on a certain period of time 
or travel, thus not in every moment. That is why, the partial flow opacimeter is the best 
solution for dinamic measuring of opacity.  
 
MATERIALS AND METHODS 
 
 For the proposed experiment, we used a VLT 4590 opacimeter model, which is a 
high precision apparatus, controlled by a microprocessor which allows quick and precise  
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readings of the smoke opacity, the values being print by a thermal printer.  This device is 
extremely easy to handlle, being composed from 2 main units:  
 The measuring unit, which collect the burnt gases removed through a plunger 
introduced in the evacuation pipe, send them in the smoke chamber, which then transmits 
continuously signals to the monitor or control unit.  
 The display unit, which controlls the opacimeter, functions and displays the values 
measured by the smoke chamber . In the same time, it also hosts the printer. Beside the 
opacity, on the screen are displayed with leds: the oil temperature, the turation and 
temperature of the smoke chamber. Thus, the user gets all the information he needs.  
 The VLT 4590 model is an opacimeter which functions on the principle of partial 
flow. The plunger has a length of 1 meter, which favours the homogenisation of the gas 
mixture inside the smoke chamber.  
 
 
 
 
Fig.1. The principle scheme of the smoke chamber 
 
 The T shape smoke chamber of model VLT 4590 is made of alluminium and has a 
microprocessor for controllling the heating system. This system measures and adjusts 
continously the temperature inside the chamber around the value of 100
0
 C. At this 
temperature, the water particles vaporize and will not influence the measurements made by 
model VLT 4590.  
 The performing of measurements 
 The determination is made with the opacimeter, through free acceleration between 
the turation of slow backlash and the turation of maximum backlash at a normal thermal 
regime of functioning.  
 The turation of slow backlash means the minimum turation of stable functioning of 
the engine requested by the manufacturer, with acceleration command in the repose position, 
with electrical consumers disconnected, with the gear in neutral position and the clutch 
coupled. 
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 The turation of maximum backlash means the turation the minimum turation of 
stable functioning of the engine requested by the manufacturer, with acceleration command in 
the extreme  position, with electrical consumers disconnected, with the gear in neutral 
position and the clutch coupled. 
 The normal thermal condition of an engine is the thermal condition according to the 
manufacturer specifications ( in any case, with the oil temperature higher than  60°C). 
 The following environmental conditions will be assured:  
- temperature between  5 - 30°C 
- the atmosphere pressure  945 – 1025 mbari. 
 It will be also ckecked if the pipes of exhaust emissions is complete and tight.  
 The checking stage 
 The engine is brought to a normal heating regime.  
 Before beginning the experiments a cleaning of the evacuation system is made 
through acceleration at least one time until the maximum backlash turation, which is 
maintained at least 2 seconds.  
 The prelevation plunger is introduced into the exhausting pipe at least 300 mm 
(between 3 and 6 pipe diameters), in such a way that its extremity to be placed in a right 
section of the pipe.  
 With the engine functioning in slow backlash regime, the acceleration command is 
progressive and rapidly operated till the extreme position, but not brutally. This position will 
be maintained until the intervention of the turation regulator. After this regime is obtained, the 
acceleration command is freed, the engine coming back to the slow backlash regime, which 
will be maintained at least 3 seconds.  
 It is recommended to make at least 3 measurements of opacity at free acceleration.  
 
RESULTS AND DISCUSSIONS 
 
 After the measurement of C emissions with VLT 4590 opacimeter, the following 
values of opacity were obtained for an engine fuelled with diesel oil  and, on the other hand, 
for an engine fuelled with biofuel containg up to 20% biodiesel (B20) (Table 1). 
 
Tab. 1  
Comparative values of emissions opacity for an engine 
 
The turation of 
slow backlash 
[rot/min] 
The turation of 
maximum backlash 
[rot/min] 
Opacity value  engine 
fuelled with 
conventional diesel oil  
 
Opacity value  engine 
fuelled with biodiesel 
B 20  
 
830 5330 1,93 1,27 
830 5450 2,02 1,23 
830 5460 2,04 1,28 
Medium value of opacity  2,00 1,26 
 
 As we can observe from the table above, the medium  value of opacity is lower if the 
engine is fuelled with biodiesel, so that the emissions are lower.  
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 Specific emissions resulted if using Biodiesel 
 C dioxide (CO2): Every tone of fossil diesel oil emits approx. 2,8 t of CO2 in the 
atmosphere. It is considered that this CO2 will be recaptured and reused by the new rape 
culture, remaking the C cycle from the nature. That is why, the emissions of biodiesel can be 
considered nulls.  
 The sulphur dioxides (SO2) : In present, the fossil diesel oil contain medium 350 
ppm (parts per million) sulphur. When this fuel is burned, the sulphur is released in 
atmosphere in the form of sulphur oxides, contributing to formation of acid rains. On the 
other hand, the biodiesel oil does not contain sulphur almost at all (0- 0,0024 ppm). 
 The Nitrogen oxides (NOx): The nox emissions resulting from the pure biodiesel 
are with aprox. 6 % higher than the fossil diesel oil. But the missing of sulphur components 
from biodiesel allows the using of technologies which control the nox emissions, technologies 
which can not be used with fossil fuels. That is why, when using biodiesel the nox emissions 
can be eliminated.  
 The C monoxide (CO): The biodiesel fuel contains oxigenated components, which 
improve the combustion process and decreases the CO emission up to 20 %.  
 The material particles : The inhaling of material particles proved to be a serious 
problem for human health. But the exhausing of material particles from biodiesel fuels is 
much lower (over 40 % lower) than the total emissions resulted from the fossile Diesel oil 
fuels.  
 In table 2, are presented the compared emission resulted from pure Biodiesel with 
those resulted from a mixture of diesel oil and biodiesel.  
 
Tab. 2 
The reducing of polluted emissions if using Biodiesel fuels 
 
The emissions in  
stack gases 
Polluted emissions, % 
Fossile Diesel oil B20 B100 
Carbon monoxide 100 -12,6 -43,2 
Unburnt hydro 
carbonates  
100 -11 -56,3 
Powders  in 
suspension 
100 -18 -55,4 
Nitrogen oxides 100 +1,2 +5,8 
Air toxins  100 -12…-20 -60…-90 
Mutant effects 100 -20 -80…-90 
Sulphur oxides 100 -20 -100 (missing) 
Sulphates 100 -20 -100 (missing 
 
 B100 represents pure bio diesel oil  (100 % biodiesel) and B20 is a mixture of diesel 
oil and biodiesel oil, containing 20 % biodiesel.  
 
CONCLUSIONS 
 
 As the experiments showed, using biofuels and in this case, especially biodiesel,  has 
many advantages compared with fossil diesel oil or other fossil fuels. In the first place, the 
biofuels are renewable, which is a very important aspect to consider, and, on the other hand, 
the impact over the environment is much friendlier compared to that of fossile fuels. In this 
paper, we studied especially the emissions released by the biodiesel fuel and concluded that 
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all the polluted emissions (CO2, SO2, CO, Nitrogen oxides and material particles) are lower 
in this case, so  the impact over the environment and over human health is better if using 
biofuels.  
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